). After desiccation, the specimens were weighed and stored in distilled water (N=12) or mineral oil (N=12) to evaluate the water diffusion over a 7-day period. Net water uptake (%) was also calculated as the sum of WS and SL. Data were submitted to 3-way ANOVA/ Tukey's test (α=5%). The nanoleakage expression in three additional specimens per group was also evaluated after ammoniacal silver impregnation after 7 days of water storage under 6(0 5HVXOWV 6WDWLVWLFDO DQDO\VLV UHYHDOHG WKDW RQO\ WKH IDFWRU ³DGKHVLYH´ ZDV VLJQL¿FDQW S 6ROYHQW HYDSRUDWLRQ KDG QR LQÀXHQFH LQ WKH :6 DQG 6/ RI WKH DGKHVLYHV &6( FRQWURO SUHVHQWHG VLJQL¿FDQWO\ ORZHU QHW XSWDNH 7KH QDQROHDNDJH ZDV HQKDQFHG by the presence of solvent in the adhesives. Conclusions: Although the evaporation has no effect in the kinetics of water diffusion, the nanoleakage expression of the adhesives tested increases when the solvents are not evaporated.
INTRODUCTION
Current restorative techniques are associated with the bonding characteristics of resin-based materials. Contemporary dentin bonding agents contain a chemically balanced combination of hydrophilic (i.e. HEMA, BPDM, PENTA) and hydrophobic monomers (i.e. Bis-GMA, UDMA) that intrinsically permeate the wet dentin surface 24 . In addition, the dentin bonding agents contain solvents, known to be essential components for establishing adequate dentin-resin interface. Solvents are responsible for carrying these resin PRQRPHUV WKURXJKRXW WKH FROODJHQ ¿EULOV RI WKH dentin substrate after the etching step 17, 19 . In these dental adhesives, higher concentrations of relatively hydrophilic monomers are used. This characteristic complex blend of hydrophilic/ hydrophobic ingredients, water and solvents makes the adhesives prone to phase separation, which may impair their bonding effectiveness 26 . In order to allow the mixing of these kinds of monomers, and also to avoid the phase separation between them, volatile organic solvents, such as ethanol and acetone, are added in the formulation of adhesives 27 . These solvents facilitate the evaporation of water from the wet dentin, ensuring an increased monomer LQ¿OWUDWLRQ LQWR WKH GHPLQHUDOL]HG GHQWLQ WKXV improving the physical-chemical interaction with the tooth substrate 3 . T h e s o l v e n t e v a p o r a t i o n b e f o r e t h e photoactivation of an adhesive system is regarded
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as being of paramount importance to increase the effectiveness of the bonding procedure 6, 9 . The adhesive system is placed and exposed while it is in a liquid state and is relatively low in viscosity. This lowered viscosity may lead to enhanced radical mobility, and thus higher conversion values 4 . For a durable, long-term sealing of dentin, monomers must be converted to stable high-molecular-weight polymers 20 . The residual water or organic solvents is claimed to be responsible for producing localized areas of incomplete monomer polymerization 6, 7, 9 . Thus, the monomer conversion and the extent of polymerization might vary throughout the hybrid OD\HU ZKLFK FRXOG FDXVH VLJQL¿FDQW GLIIHUHQFHV in the quality of the interpenetrating network at different locations 13 . A direct correlation between WKH H[WHQW RI SRO\PHUL]DWLRQ RI WKH DGKHVLYH ¿OPV and their permeability has been found 2 . In addition, water is responsible for the chemical decomposition, such as oxidation and hydrolysis of the resin matrix 5 . However, the water uptake is not only dependent upon the presence of residual solvent, but is also dependent upon the hydrophilicity of these materials 28 . Therefore, the aim of the present study was WR HYDOXDWH WKH LQÀXHQFH RI VROYHQW HYDSRUDWLRQ on the water sorption, solubility, and net water uptake (sum of water sorption and solubility) of specimens immersed in water and mineral oil, and also on the nanoleakage pattern of contemporary adhesive systems. The hypotheses tested were: (I) the solvent evaporation would reduce the net water uptake; (II) the water sorption and solubility parameters will be similar, irrespective of the 
MATERIAL AND METHODS

Experimental design
In this in vitro study, the assessments of water sorption and solubility of adhesive specimens immersed in water and mineral oil were performed according to the factors: (1) adhesive system, at IRXU OHYHOV , &OHDU¿O 6 %RQG &6 ² D RQH VWHS VHOIHWFKLQJ DGKHVLYH ² ,, 6FRWFKERQG 8QLYHUVDO $GKHVLYH 6%8 ² D XQLYHUVDO DGKHVLYH ² ,,, &OHDU¿O 6( %RQG &6( ² D WZRVWHS VHOI HWFKLQJ DGKHVLYH ² ,9 2SWLERQG 6ROR 3OXV 23 ² D WZRVWHS WRWDOHWFKLQJ DGKHVLYH DGKHVLYH protocol: I-evaporated, II-non-evaporated; and (3) immersion media, at two levels: I-water, and II-mineral oil. For comparative reasons, only specimens of the "bond" component of CSE were fabricated. The net water uptake, i.e., the sum of water sorption and solubility, was also calculated. The composition of the adhesive systems is described in Figure 1 . In order to support the results, the nanoleakage pattern of contemporary adhesive systems was also performed.
Specimen fabrication
Forty-eight disc-shaped specimens of each material (except for CSE; n=24) were prepared for each storage condition (water and mineral oil). For the specimen fabrication, adhesive systems were dispensed into a silicon mold (5.0 mm in diameter x 0.8 mm in thickness). For solvated adhesives (SBU, CS3, OP), oil/water-free compressed air was gently blown for 30 s at a distance of 10 cm to facilitate the solvent evaporation (E). For the non-solvated adhesive (CSE Bond), the drying step was not performed. As an air spray is recommended to optimize solvent evaporation 10 , care was taken to be gently applied to avoid oxygen incorporation in the adhesive specimens. In addition, care was also taken to carefully remove all visible air bubbles entrapped in the adhesive specimens, and a polyester strip was placed over the adhesive and covered with a glass slide. The specimens were photoactivated using a QTH light (Demetron LC, 450 Mw, Demetron Research Corp., Danbury, CT, USA) for 40 s with a power density of 550 mW/cm 2 . The specimens were then carefully removed from the mold and photoactivated for additional 40 s.
Water sorption and solubility test
Water sorption and solubility tests were based on the 4049 ISO standard, with the exception of the specimen's dimensions (5.0 mm in diameterx0.8 mm in thickness). After 24 h, the specimens were placed in a desiccator device containing silica gel and stored at 37°C. The specimens were repeatedly weighed on an analytical balance (AG204, MettlerToledo, Columbus, OH, USA) every 24 h, until a constant mass (m 1 ) was obtained (i.e. a mass in which variation amounted to less than 0.2 mg within any 24 h period) 12 . The thickness and diameter of the specimens were measured at three different points to the nearest 0.01 mm using a digital caliper, and these measurements were used to calculate the volume (V) of each specimen (in mm 3 ). Specimens were then individually placed in test tubes (Eppendorf vials) containing 1.5 mL of distilled water (pH 7.2) at 37°C for 7 days. Half of the specimens (N=12) were placed in sealed glass vials containing 1.5 ml of a chemically-inert mineral oil (Nujol, liquid petrolatum, Sigma-Aldrich Co., Saint Louis, MO, USA). These specimens were tested as controls in parallel with the specimens immersed in distilled water.
The storage time interval of up to 7 days had passed, the tubes were removed from the oven and left to equilibrate at room temperature for 30 min. The specimens were then washed in running water, gently wiped with a soft absorbent paper, weighed by means of an analytical balance (m 2 ), and returned to vials containing 10 mL of fresh distilled water or oil. Following the further 7 days of storage, the specimens were dried inside a desiccator containing fresh silica gel and weighed daily until a constant mass (m 3 ) was obtained (as previously described). The initial mass determined DIWHU WKH ¿UVW GHVLFFDWLRQ SURFHVV P 1 ) was used WR FDOFXODWH WKH FKDQJH LQ PDVV DIWHU HDFK ¿[HG time interval of the 7 days of storage. Changes in mass were plotted against the storage time in order to obtain the kinetics of water sorption for the entire period of water storage. The water sorption (WS) and solubility (SL) over 7 days of water storage 12 were calculated by means of the following formulae 21 : where m1 refers to the initial dry constant mass (mg) prior to immersion in water; m 2 describes the mass (mg) after water immersion at various time periods; m 3 is the mass (mg) after drying the specimens that had reached their maximum water sorption; and V refers to the specimen volume in mm 3 . Net water uptake (%) was also calculated as the sum of water sorption and solubility. Data were analyzed by three-way ANOVA (with factors including "adhesive system", "adhesive protocol", and "immersion media") and Tukey's post-hoc test for multiple comparisons, at a preset alpha of 5%. 
Nanoleakage
For the nanoleakage pattern investigation, six additional disc-shaped specimens were prepared for the solvated adhesive systems, and three discs were made for CSE. In order to investigate the LQÀXHQFH RI WKH VROYHQW LQFRUSRUDWHG LQWR DGKHVLYH systems on the nanoleakage, the specimens were stored in distilled water for 7 days and then placed in an ammoniacal silver nitrate solution for 24 h. After that, the specimens were rinsed thoroughly in distilled water and immersed in a photo developing VROXWLRQ IRU K XQGHU D ÀXRUHVFHQW OLJKW WR UHGXFH silver ions into metallic silver grains 24 . The stained specimens were then profusely water-rinsed in tap water, mounted in aluminum stubs, dehydrated in silica gel for 2 h, and then submitted to carbon evaporation (SCD 050, Balzer Union AG, Balzers, Lichtenstein). A qualitative analysis of the nanoleakage patterns was performed using a scanning electron microscope (SEM -PhenomWorld, Eindhoven, The Netherlands), operating in back-scattering electron mode with an accelerating voltage of 15 kV. The nanoleakage patterns were FODVVL¿HG DV IROORZ 7\SH , ± PRGHUDWH VLOYHU XSWDNH or Type II -severe silver uptake.
RESULTS
Water sorption and solubility
Mass variation curves for the 12 days of immersion in water are presented in Figure 2 . The results are shown in Table 1 . The statistical analysis revealed that only the factor "adhesive SURWRFRO´ ZDV VLJQL¿FDQW S 7KH VROYHQW evaporation procedure had no effect on the water sorption and solubility of the adhesives (p=0.21), irrespective of the storage media. When mass gain (i.e. water sorption) and mass loss (i.e. solubility) of adhesive disks were plotted against time, nonsolvated adhesive CSE was determined to have the lowest water sorption (Figure 2 ). CSE adhesive also SUHVHQWHG VLJQL¿FDQWO\ ORZHU PHDQV RI 6/ ǋJPP 3 ) (p<0.05). When the WS and SL were compared as a function of the storage media, the means were statistically lower when the specimens were immersed in mineral oil. The net water uptake means varied from 5.4 to 24.6% among the adhesive systems (Table 1 ) and were determined WR EH VLJQL¿FDQWO\ ORZHU IRU WKH &6( %RQG All the adhesives stored in water presented a time-dependent increase in water sorption and solubility, whereas the adhesives stored in mineral oil presented lower sorption and solubility means (Figure 2 ). In spite of the variation in mass as a function of the time, CSE was the only adhesive to present similar weight after the desiccation process in comparison to that obtained at m 1 (Figure 2 ).
Nanoleakage
The nanoleakage patterns of the adhesives investigated are illustrated in Figures 3 and 4 7%& ' ¶$/3,12 3+3 3(5(,5$ 31 +,/*(57 /$ ', +,3Ï/,72 9 *$5&,$ Representative SEM micrographs of the adhesives after 7 days of storage in water are presented in Figure 3 . The solvated adhesives showed similar nanoleakage patterns (moderate silver uptakeType I) after evaporation, whereas a more intense nanoleakage was noted for the non-evaporated ones (severe silver uptake -Type II) (Figure 3) . The nonsolvated adhesive CSE presented a nanoleakage pattern (Type I) similar to that observed for the solvated adhesives when the solvents were evaporated (Figure 4) . The adhesive SBU showed higher silver uptake when the evaporation was not performed in comparison with that observed for both OP and CS3.
DISCUSSION
7KH ¿UVW K\SRWKHVLV WKDW WKH VROYHQW HYDSRUDWLRQ procedure would reduce the net water uptake was not accepted. In the present study, the tested adhesives showed different amounts of net water uptake, which was not dependent on the evaporation of the solvent. Although the WS and SL means varied among the experimental groups, QR VLJQL¿FDQW GLIIHUHQFH ZDV REVHUYHG DPRQJ WKH groups, irrespective of the storage media. In a previous study 1 , higher solvent eliminations were only observed when the drying air temperature was raised for adhesives in comparison to nonevaporated groups.
The net water uptake, which represents the sum of water sorption/solubility parameters 25 , has been claimed to reliably estimate the capacity of polymers to absorb water 23 . It has been pointed out that simply evaluating the increase in mass of the specimens stored in water is not the correct way of assessing their water sorption 12 . Hydrophilic methacrylate polymers exhibit a spatial heterogeneity in which some parts are densely cross-linked and some parts are loosely crosslinked, representing a variable density of crosslinks 12 . In this way, there may be a dynamic process when resin-based materials are stored in water that interferes in the mass of these materials 23 . Thus, WKHUH PD\ EH D VLPXOWDQHRXV LQ¿OWUDWLRQ RI ZDWHU into the materials while unreacted monomers and low-molecular-weight polymers may be leached out [21] [22] . In this way, the mass variation as a result of both an increase in mass due to water penetration and a decrease in mass as a function of the elution of low-molecular-weight material has been advocated 12 . This association was claimed to represent the net water uptake 11 . The storage of the specimens in mineral oil exhibited significantly lower WS and SL when compared to that of the specimens stored in water. When the WS and SL were compared among the DGKHVLYH JURXSV QR VLJQL¿FDQFH ZDV REVHUYHG 0(/, 7%& ' ¶$/3,12 3+3 3(5(,5$ 31 +,/*(57 /$ ', +,3Ï/,72 9 *$5&,$ )&3 among the groups, irrespective of the evaporation RI WKH VROYHQWV ,Q DGGLWLRQ QR VLJQL¿FDQFH ZDV observed for the non-solvated adhesive (CSE Bond) concerning the means exhibited by the experimental groups. Thus, the second hypothesis, which anticipated that there would be no difference in the WS and SL parameters when the immersion media were compared, was rejected. It has been demonstrated that when specimens were immersed in oil, no water to challenge the interfaces existed, which decreased the silver impregnation to a minimum amount 18 . It has been pointed out that the storage in oil might have removed residual water from the resin-dentin interfaces. Even though water is barely solubilized by the mineral oil, the oil can dehydrate the adhesive specimens making them stiffer. In addition, in the absence of water, less silver uptake may occur 18 . Many factors may affect the water sorption and solubility of contemporary dentin-bonding systems. Polymers absorb moisture in a humid atmosphere or when immersed in water. Moisture diffuses into polymers at different degrees depending on a number of molecular and microstructural aspects: (1) polarity of the molecular structure, presence of chemical groups capable of forming hydrogen bonds with water; (2) degree of crosslinking; (3) presence of residual monomers; and (4) crystallinity of the SRO\PHU ZHOOGH¿QHG FU\VWDOOLWHV DUH LQDFFHVVLEOH WR water) 15 . According to these factors, the mechanism of water diffusion can be summarized in two main theories: (1) free-volume theory, according to which water diffuses through voids within the polymer, and (2) interaction theory, according to which water ELQGV WR VSHFL¿F LRQLF JURXSV RI WKH SRO\PHU FKDLQ 12 .
In this case, water diffusion occurs according to the ZDWHUDI¿QLW\ RI WKHVH JURXSV 12, 14 . It was reported that the amount of water sorption and solubility of adhesive polymers increased proportionally to their HEMA concentrations 9, 16 . In another study, it was pointed out that monomers are heteroatom polymers, having carbon and oxygen or nitrogen in their backbones and that the presence of certain groups, such as ester, urethane, and ether linkages, as well as hydroxyl groups are hydrolytically susceptible 8 . Despite their relative hydrophilicity, the resultant polymer formed may absorb water to a potentially damaging extent 8 . Moreover, the solvents are probably another factor regarding the extent of water sorption and solubility. Solvents also contribute to an exacerbation of the hydrophilicity of the adhesives 12 . Additionally, another study 7 demonstrated differences in the water sorption of commercial formulations of bonding agents, which indicated the presence of residual solvents as a condition to exacerbate water VRUSWLRQ 7KLV H[HUWV D QHJDWLYH LQÀXHQFH RQ WKH bonding longevity, as varied resinous monomers are combined into solvents as neat acetone, ethanol, water, or their combination 17, 19 . A previous study also pointed out the fact that the solvent acetone spontaneously evaporates, as its vapor pressure and ebullition temperature are lower than those of other solvent, which results in higher evaporation rate 9 .
In the present study, the highest water sorption and solubility means were obtained for solvated adhesive formulations compared to those of CSE Bond. Negative values were obtained for water solubility for CSE. This may indicate that the adhesive is more suitable to water sorption, which could mask its real solubility. The results demonstrate that the kinetics of water uptake was also material-dependent. Thus, the data obtained with the non-solvated adhesive as a parameter for the relationship between water sorption and hydrophilicity suggests that CS3, OP, and SBU present, in fact, more hydrophilic behavior than CSE. This is probably due to the solvents present in the composition 12 , i.e., the rate of water uptake was lower for the less-hydrophilic adhesive CSE.
The solvated adhesives investigated in the present study utilize the same types of solvents (water and ethanol), which could explain the similar values for net water uptake. Although the air-drying had no effect on the net water uptake of the adhesives, residual solvent remaining after the air-drying might produce defects within the SRO\PHUL]HG DGKHVLYH ZKLFK ZDV ¿OOHG ZLWK ZDWHU molecules during storage. The interpretation of the results was improved by the nanoleakage investigation, in which the silver uptake was VLJQL¿FDQWO\ LQFUHDVHG ZKHQ WKH VROYDWHG DGKHVLYHV were not submitted to solvent evaporation prior to storage (Figures 3 and 4) , rejecting hypothesis III. Thus, it is possible that the water sorption and silver uptake in the adhesive specimens were possibly due mainly to porous formation of the polymerized adhesive caused by the presence of residual solvents.
Another important consideration is that all the adhesives tested in the present study contain HEMA, and residual co-monomer mixtures may be attracted by poly-HEMA and/or polymers, leading to an increase in the free volume of polymerized adhesive. This promotes an increase in the water sorption into the polymerized matrix, even after airdrying the adhesive prior to immersion in water 11 . This also helps to explain the nanoleakage for the groups in which the solvent was evaporated, as well as for the non-solvated CSE (Figures 3 and  4) . Thus, water molecules diffuse through the porous structure in the adhesive specimens without a mutual relationship with the polar sites of the material 
CONCLUSION
Within the limitations of the present study, it can be concluded that although the solvent evaporation UHODWHG WR WKH DGKHVLYH SURWRFRO KDV QR LQÀXHQFH RQ the net water uptake of the adhesives evaluated, WKH QDQROHDNDJH ZDV VLJQL¿FDQWO\ DIIHFWHG IRU WKH non-evaporated ones.
